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@ Hl9h precision photoaolidfflcaaon modelling device. 



@ A Nnh-predslon phobvsotidificaEion model- 
ing devloe for fonning a solldmed fanaga having 
a deasred rkxIoI ahape by exposing Id ligM a 
liquid capable bekig solidified in reca^ <rf 
the r^ht in a region oonasponding to the des- 
ired modal sh^. The modei^ davtoa ki- 
dudes an offset quanlily computfeig device for 
computing a quan% of offsetting a contour of 
the expoaura region to an Inside of a thrae- 
dimensionai contour plane of the desved model 
shape so as to make a fhraeKlknenatonal con- 
tour plane of the aoli<fified im^ contact witti 
the thre&-<Smen8k>nal contour plane of the dea* 
ired n^xjal shape. Accordingly, the solki3ied 
image te prevented from being foimed outsMe 
the contour of the desired model shape, thereby 
obtaining a sofidffied model of a deared ahape. 
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The present invention relates to an riprovoment 
fn a htgh-precialon photo-ootidification modelins 
device for ftmning a solidifiad mage having a ^Jesired 
model shape by exposing to light a iiquid capable of 
being aolidtfiad when exposed to ttie light in a region 
oonresponding to the desfred model shape. 

In recent years, there have been widely used a 
three^onertsbnal CAO for designtng a thiee^lmen- 
sional shapo wfth use of a computer and a three- 
dimensional measuring fnat/ur ne nt such as a 
continuous tomographic system. It Is beoomfing 
increasingly helphji to oonfinn dlrecdy and visudly the 
threoKJimenslonal shape on the basis of data rriatlrig 
to the three-dimensional shape created or measiTOd 
by these systems. It is also vicreasingty necessafy to 
easily fSabricalB a model having the three^knensional 
shape in a short thne on the ba^ ctf the above data. 

Some previous techniques to satfefy these 
demands are dtedosed in U.S. Patent No. 2,7gs.758 
and Japanese Laid-open Patent Publication No. 56- 
144478. 

According to the lcrM3wn techniques, there is pro- 
vided a photD-solidification modeling device for fbmv 
ing a solidmed image having a desfred model shape 
by exposing tol^hta liquid capable or being sdidfftod 
upon exposure to the light in a region oofrespondmg 
to the desired model shape. In each technique, ttte 
solidified frnage is modeled as follows: 

<1) A sitffaoe ctf the liquid is exposed to light in a 
region corresponding to one section of the des- 
ired model shape to form a section soUdiRed 
image corresponding to this one section; 

(2) Liquid for use in forming a furth«- section is 
introduced onto the ^wiousty solidified bnage; 

(3) A new surface of the Ik^uid is exposed to Ughi 
in a region oonresponding to this ftffther section to 
torm a new eoHdifled secdon on the premusly 
soOdlfled section; and 

(4) The above steps are repeated for all the other 
secttona to fabricate a tttree-dimen^onal solidi- 
fied Image as a laminated section soltdfflad 
image. 

As another tec^mique. there has been proposed 
in Japanese Laid-open Patem Publication Na 60- 
247515 a technique of Immer^ng a tip of an optical 
fiber Into the liquid and moving the tq> in the liquid In 
X, Y, and Z directions to theretiy expose a region cor- 
responding to the desired rrvdel shape to light 

There have been proposed some techniques of 
exposing only a region corresponding to a sectional 
shape on the liquid surfiaoe. For example, the foltow^ 
ing techniques are known: 

(1) A technique of controllat)ly movHig a light 
beam In two horizontal directions (this technique 
including a control method of an angular coordi- 
nate type); 

(2) A technique of oontrollatily moving a light 
tieam in one horizontal direction and moving a 



liQuid in a direction perpencficular to the one horl- 
zontsi difoction; and 

(3) A technique of entirely exposing a liquid sur- 
face covered with a maskfBm. As a modification, 
5 it is also proposed that the liquid surface is 

entirely scanned tiy swveepirtg a light source 
lir>eady arranged or using a slide projector, g 
employed to control an exposure region. 
In the case that the exposure region is scanned 
10 by utflizir^ a Rght beam, the phenomeruxi shown in 
Figs. 8(/^ and 6(B) must t>e considered. Refening to 
Fig. 8(A}. a closed cuve 8-1 denotes a contour of a 
desired modal shape In one section. When a light 
beam &-2 is moved in the direction of arrow 8-4 so that 
IS ttie center 8-3 of the light beam 8-2 foltows the contour 
8-1, a contour 8-5 <tf an actual exposure region Is Ibr- 
mad outside of the contour 8-1 . 

F^. 8 (B) shows a three-dimensional view of 
F1g.8(A), wherein 8-5a, 8-6b, and 8-6c denote sotidi- 
20 fied regions that are formed at <fifferent positions by 
moving the light beam 8-2 along the contour 8-1 . It is 
Intended that the soHdlfied image actually envelope a) t 
of ttie soTidified regions 8-5a. 8-6b. 8-5a eto.. how- 
ever, as can l>e seen, the regions 8-6a. 8-5bp and 8-5c 
2S exiartd in part outside of the contour 8-1 of the desired 
mod^ shape. 

In a photo-solidincatton modeling device practi- 
cally used at present, the above-mentioned prot>lem 
is solved by offsetting the center 8-3 of the light beam 
30 8-2 to a posftion 8-6 ortside of the contour 8-1 of the 
desflred model shape as shown in Rg. 8CA) (normally, 
the oer^ 8-3 of the Ifght beam d-2 is tOfsei Inside by 
a radius d of the light beam 8-2). and moving the light 
beam 8-2 in a directicn of arrow 8-7 atong the contour 
35 8-1. 

However, there still remains a problem such that 
a solidified region S-8 (hatched portion shown in Fig. 
8(B)) is tovmed outside the contour 8-1 of the des'red 
mod^ shape. A contour plane of an actual shape to 

40 be modeled becomes an enveloping plane &-g of the 
hatched poitlon, and this plane 8-9 does not accord 
with the contour plane 8-1 of the desired model shape. 

The above-mentioned prol^lem such that the 
plane 8-9 is fbrmed outside the contour d-1 as shown 

45 In Fig. 8(B) is not limited in the case of exposure of a 
light i>eam. For exanr^e, rsfarring to Fig. 9(E). 9-1 
denotes a contour of a desired model shape In vertical 
section, aruj 9-6b, g-6c and 9-6d denote solidi- 
fied regions by exposure of light through a mask film. 

30 As apparent from Fig. 9(E). the soUdified regions ara 
fionmed beyond the contour 9-1 in the case that the 
desired model shape is downwardly narrowed. Thus, 
a saflsfactoiy sdidined image of die desired rrnxlel 
shape cannot be obtained also in the case of using the 
rroskfilm. 

It is accordingly an object of the present invention 
to provide an improved photo-sol icfification modeling 
device. 
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According to one aspect of the present invention, 
there is provided a pholo-eolidVioetlon modding 
device for fdnming a 9olkfified three-dimenalonQl 
Qbi&tit havins a shape oorresponcing to a dasved 
three<fimensional model shape induing an nwar- 
dly-elo^ng outer model contour by exposing to Hght 
selected regions afaliqiiidcapat)leaftseino«alidaied 
by exposure to the light to form the desired three- 
dimensional object the device ccmpiising: 

means fbr representing the desired three- 
dimensional model shape by a plurality of sets of coor- 
dinates each defirong a point on a contour in a eaction 
of the desired three-dlmenstonal model shape; end 

m^RS fbr oofnputins s cofresponding plurelsty 
of sets of offset exposure coordinatee definirtg reg- 
ions of the ilquW to be exposed to light to Ibnm the 
three-dimensional ot:9ect with an Hiwardly^oping 
outer contour corresponding to the biwardly-etoping 
outer model contour of the three-dimensional model. 

According to a second aspect of the present 
invention thefe is provided a photo-aolidificatlon mod- 
eling device for soUdlfying liquid so as to create a sol- 
idified image having a desired three^dimensionai 
shape, comprising: 

a conta&ier for storing the liquid; 

a light source fbr generating light for solidifying 
the liquid; 

light transmitting means for guiding said Rght 
genwabed by aaid light source to regions of the li^ld; 

a controller for defining a regbn wtiere said 
light is to t>e transnutted; 

means fbr computing a solidified shape of tt>e 
liquid at a boundary between the light transmitted reg- 
ion an^ non-transmitiDd region; and 

second computing means fbr calo^atir^ an 
otfset quantity for the outermost light transnutted reg- 
ion so as to make a three-dlmenaionat aolktified 
shape at aaid boundary contact with the desired 
three-dimensional shape. 

According to a third aspect of the present inven- 
tion there is provided a phott>«olldfficatk>n modeling 
device comprising: 

a oontainerfbrstormg a liquid capable of being 
solidified upon azposia^ to light: 

a light source for gencurating light for soTidifying 
the liquid; 

light transmitting means for guiding said light 
generated bysaidlightsowoe to regions of the liouid; 

a controHerfor defining an outonmost region of 
said light transmitted by said Qght transmitting means; 

means for calculating a shape to t>e solidtfied 
in the liquid at a boundary of said outermost region; 

computing means for calculating an offiset 
quantity so as to make a three-donenskHial solidffied 
shape at said outOTnost region contact with a desired 
model shape. 

The InventkMi also provides a photo solidffication 
method for solidifying liquid so as to create a solidified 



image having a desved threeKfirr^nstonal shape, 
oompif^ng the steps o^ 

generating light fbr solidifying the liquid; 
guidir^ the light to regions of the liquid; 
5 definmg a region of the liquid to which the light 

is to be transmitted; 

computing a aoIidiTied shape of the liquid at a 
boundary between a light transmitted region and a 
non- transmitted re^on; 
TO calculating an offset quantity for the outermost 

light transmitted region; and 

exposing the liquid to ttie light in accordance 
with the offset quantity to make a three-dimensional 
sdidEfM s^^pe at the boundary contact with the des- 
is Ired three-dimensional shape. 

Another aspect of the Inventton provkles a photo 
solidification modelling nrtethod orfonnlng a sdidifiad 
three-dimenelonat object having a shape oonrespond- 
Ing to a desired three-d^nslonaf model shape 
20 inchiding an inwardly-coping outer model contour by 
exposing to light selected regions of a liquid capita 
of t>elng solidified by exposure to the light to fonm the 
desved threeHjlmensional object comprising the 
steps of: 

25 representing the desired three^imensionsi 

nKxtei stiape by a plurality of sets of light t>eam coor- 
dinates; and 

computing a oofresponding plurality of sets of 
light beam offset exposure coordinates defining reg- 
30 ions of the liquid to be exposed to light to form the 
threoNdimensional object with an inwardly-sloping 
outer contour conesponding to the inwardly-^ping 
outw model cor^our of the three-dimenatonal n>ode). 
With the invention a photo-soltdrfication model- 
35 ling device may t>e produced which can offset the con- 
tour of the exposure region inside so that the 
tfvee^lmensional contour plane of the solidified reg- 
ksn caused tiy exposure to light will be in accord wHh 
the three-dknensional contour plane of the desired 
40 Rwdel shape. 

Tlie Invention vrffl futher be understood from the 
fdlowmg description, when taken together with the 
attached drawings, which are given by way of 
example only, and In which: 
46 Figs. 1(^ to 1(C) are block dlagranra of a prefer- 

red embodiment of the present invention; 
Figs. 2(A) and 2(B) are flowcharts of the essential 
operation of the system: 

Fig. 3 is a schematic perspective view illustrating 
so a crfangular patch type of three-dimensional 

shape data; 

Fig. 4 is an Qlusbatton of a data structure of the 
triangular patch type; 

Fig. 5(A) Is a perspective view of an axampte of 
55 an extracted horizontal plane; 

Fig. 5(B) is a schematic fliustratlon of extraction 
of a horizontal plane; 

Fig. 6 is a schematic illustration of esctraction f a 
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contour: 

Fig. 7 IS a plan view of tho oontour oxtroctod; 
Fig. 8(A} is a plan view aiustrating a oonventionsd 
ofTsetting method; 

Fig. S(B) is a ttvo»^lmenalonai view of Fig. 8(A); 
Fig. 8(C) is a parspactiva viawcf a sotidffled reg- 
ion formod by light beam exposure: 
Fig. B{Ai is a thrae^vnensiond view iOuetrstlng 
an offset cpjantify calculating method; 
Fig. 9(B} is a vertical sectional view of Fig, 9(A); 
Figs. g(C) and 9(D) are vertical eectionai views of 
a edidWed region formed in consideration of en 
offset quanttiy in the case of using a light beam 
accordRtg to the prior art and the present inven- 
tion» respecdvely; 

Figs. 9(E) and 9(F) are views sbnilarto Figs. 9(C) 
and 9(D). ki the case of using a mask f3m; 
Fig. 10(A) la a perspective view of a contour of a 
de^rad nKxSel shape; 

Figs. 1 0(B) to 10(F) are horizontal sectional views 
illustrating various exposure modea for exposing 
an Inside region surrounded by the contour 
shown in Fig. 10(A); 

Fig. 1 0(G) is a plan view aiustrating an offsetting 
method for the axpostm region to be tonmed 
in^de the contour 

Fig. 10(H) is a cross section t^en along the line 
H - H in Rg. 10(G): 

Fig. 1 1 (A) is a perspective view of support legs of 
a model; 

Figs. 1 1(B) to 1 1(E) are plan views of various pat- 
terns of si^poct legs; 

Fig. 12(A) is a perspective view of a frame; 
Fig. 12(B) is a perspective view of a supporting 
structure fomied by the firan^ and support 
Figs. 13(A) to 13(C) are vertical sectionai views 
iitustrating various modes for setting a support 
formmg region; 

Fig. 14(A) is a perspective view Itustratinga prot>- 
lem in the case of fonreng a hoDow model having 
a gentle slant surtiace: 

Fig. 14(B) is a horizontal sectional view of Fig. 

14(A): 

Fig. 1S(A) is a perspective view of a coating brush 
mechanism; arui 

Fig. 15(B) is an enlarged side view of the bn^ 
of Fig. 15(A). 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

According to the present invention, a high-preci- 
sioR photo-solidification modeling device is provided 
for forming a solidiftod Image having a desired model 
shape by exposing regions cmeepondlr^ to the des- 
ired model shape to light a liquid capatria of being sol- 
idified by Such exposure. The device includes means 
for computing a quarrtity for ofl^ettlng a oontour of the 



exposure region towaid the inside of a three-dimen- 
sionat contour plane of the deseed model shape so as 
to make a three-dimensional contour plane of the sol- 
icfified Image coincident with the three-diuensional 

5 oontour plane of the desired model shape. 

The provision of the offset quantity computing 
means prevents the oontour of the solidified rsgion in 
each section from being formed outside the oontour of 
the desfaed model shape, and ensures that it is made 

10 sulsstanliaDy in accordance with the contour of the 
deslrad model shape as shown in Figs. 9(D) and 9(F). 
Thus» the problem of the hatdted portion 8-8 in Rg, 
8(B) can t>e ellmnated. Such an offset operation b 
effoctive not only in the case of exposure of a light 

16 beau in eveiy section. k>tJt also in the case of exposure 
to 0ght of an erttlre liquid surface as In Fig. 9(F). or in 
the case of exposing by a light t>eam movable in 
thra»4lknensions in a liquid. 

As described above, the contour of the exposure 

20 region is offset inside so that the three-domensional 
contour plane of the solidified region by the exposurs 
of tight may k>e made In accordance with the three- 
dimenmnal contour plane of the desired mcdet 
shape. Aocordtn^y» the sol'idified Image ie prevented 

25 from being fonmed outside the oontour of the desired 
model shape, and a solidified model of a desired 
shape may be aoouret^y obtained. It is fu rther advan- 
tageous In that the modeling accuracy In the photo- 
soTidtfication modeling device can t>e improved, and 

30 the advantages of the photo-sol idiflcation modeling 
method can be obtained in various applications. 

A preferred emkxxliment of the present invention 
wiO now fc>e described in detail. Figs. 1(A) to 1(C) show 
an example of a system construction of the photo-soli- 

35 dfficatton modeling device according to the p>resent 
Invention. Figs. 2(A) end 2(B) are flowcharts showing 
operations of ttie system shown in Rgs. 1(A) to 1(C). 

Referring to Fig. 1(C), 1-46 denctfes a dosed con- 
tainer for storirtg a Ifquld that is solidified when exp- 

40 osed to light The container l-4a has a transparent 
upper surface, and the liquid is preferat>ly a photosen- 
sitive resin. Mors prefonably, the liquid may be a mbct- 
ure of one, fepfo, or more of de^omned polyursthane 
methacr^te, digoe^er acrytate^ urethane acrylate. 

45 epoxy actylate. photosensitive polymlde, and 
antinoallcyd. 

Further, a sensitizer or opaque substance, etc, 
may be mixed In the liquid to adjust its phob3at>sorf>- 
tion characteristic or the like. Further, a pigment, 

50 ceramic powder, fBler. metal powder, eta, may be 
mixed in the liquid to adjust the color, staength, distor- 
tion, modeling accuracy, etc., of a model. 

A ttase 1-45 is vertically (Z direction) movable *tn 
the container 1-46 below a liquid surtiace 1^. A light 

5S source (preferably, a laser) 1 *38 is provided at»ove the 
container 1^. Light from the light source 1-38 is 
introduced to an optical fiber 1-40 ttuough a fitter 1-39 
having both a light shutter function and an exposure 
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guartity adiiuGtins function. A lip 1-40a of the optical 
fiber 1-40 is movaWo by an XV driving mechaniam 1- 
41 In tm> orthogonal directions (XY d^ections). A 
bmsh 1-42 capable of sweeping the liquid 3uffaca 1- 
43 is movable fn the Y direction shown. 5 

A solidification modeling part of the present 
device is formed t^y the above construction, and It Is 
controlled in the fblfowfng manner by a system to be 
hereinafter described. 

First, the base 1-45 is lowered below die liquid io 
surfiace 1-43 by a untttkkness ^ of a model. Under 
this condition, the tip 1-40a of the optical fiber 1^ is 
scanned In the XV directions ^ a region oonrespond- 
ing to a lowenmo^ section of a desired model shape. 
As a result, the liquid in the region exposed to light is 16 
solldmed to form a section solidtfied Image 1-448 oor- 
respcndmg to the lowemwst section of the desired 
model shape on the base 1-46. 

Thea the base 1-45 Is further lowered by ^ As 
a result the loweiuost section solidified knage1-44a 20 
is also lowered together with the t»se 1-45. and sbtv 
ultaneously the peripheral liquid Is coafied over the 
lowenmost secHon solidffied image 1-44a. 

As the liquid has a high viscosity, it does not 
easily flow onto the solidified image 1-44a if the base 26 
1 -45 is merely lowered tiy i^Z. To avoid this disadvan> 
tage, the brush 1-42 is operated to sweep the liquid 
surfBO0 1-43* to positively coat the liquid onto the sol- 
idified vnage 1-44a. Then, the tip 1-40a of the optical 
fiber 1-40 is aeieetively scanned in the XY directions ao 
to fbmi a subsequent section solidified image 1-44b 
on the solidified Image 1-44a. T?ie above oprntion is 
repeated until a laminated solidified Image having the 
desired model shape is formed in the Bquid. More 
detailed explanation wiU be omitted since the above 3S 
concept is basicsUy disclosed in Japanese Laid-Open 
Patent Publication No. 5&-144478. 

Referenoe numl>er 1-28 In F|g. 1(C) denotes an 
external system connected to the present system by 
way of on-line or ofMine connection. Su^ an external 40 
system may be selected from a three-dbnanslonaJ 
CAD system, three^inrwnsional measuring instru- 
ment continuous tomographic system, etc. These are 
merely exemplary, and It suffident for the external 
system to have data relating to a three^imenstonal 45 
shape of the model. 

If the fbnn of data included in the external system 
1-28 is of a triangular patch type, the data Is direcSy 
stored into a triangular patch type desired model 
shape data storing means 1-7 in the present system. so 

If the form of data included in the external system 
1 -28 is of a type other than the triangular patch type, 
the data Is oonverted I nto the trtangutar patch type by 
a triangular patch type converting means 1-31 vx the 
present system, and is ttien stored into the storing ss 
means 1-7. 

A schemattc construction of the triangidar patch 
type data is shown in Figs. 3 and 4. As apparent from 



Fig. 3, the three-dimensional shape is defined as a set 
of many trfangii^ patches Pi , Pj , Pr . ©tc, in the 
triangular patch type. In Fig. 3, only part of the set of 
these triangular patches is shown for the purpose of 
legibiily of atustration. 

Each triangt4ar patch is defined in position and 
shape by XYZ coordinates of three vertexes. For inst- 
ance, the patch Pj is given XYZ coordinates of three 
venexQs J, , Ja and J». Accordingly, the throe-dbnen- 
sional shape data ctf the triangular patch type has a 
structure as shawm in Fig. 4. 

The data having the stnjcture shown in Fig. 4 and 
stored into the storing means 1*7 may be edited by a 
data editing means 1-S shown in Fig. 1(B) (see step 
2-8 in Fig. 2(A)>. In this editing operation, the desired 
mode shape data can be expanded, oontracted. 
rotated or corrected. EspedaSy. in the comectlng 
operation, dafcafor defining the shstpe of a structure for 
supporting the desired model shape may be added. 
Further* new three-dimensional shape data may be 
creatsd by using this correcti n g function. 

When an operator of this system sets a unit thick- 
ness and a beam diameter by using a unit thickness 
s^tmg means 1-1 and a beam ^ameter setting 
means 1-2 shown In Fig. 1(A} (see step 2-1 in Fig. 
2(A}). a perspective v»w of the edited desired model 
ahaipe sliced with the unit thickness is displayed on a 
two-dimensional display 1-32 (see step 2-50 of simu- 
latkm and ^ep 2-32 of displaying tn Fig. 2(A)). Then, 
the operator confirms whether or not the modeling is 
to be started under the atxave condition, and rf NO in 
step 2-51. the operator resets the condition (see the 
loop from step 2-51). If the condition Is satlafied, the 
followv>g processing is executed in the present sys- 
tem. 

First a l>eam scanning speed computing means 
1-8 shown In Fig. 1(B) computes an optimum scan- 
ning speed fbrsolUlfylng the unit thickness set by the 
means 1-1 with the beam diameter set by the means 
1-2. Then, a horizontal plane extracting means 1-10 
is at»tBd in step 2-10 to extract a horizontal pdane 
fipom the desired model shape. 

In this preferrsd embodiment the unit thickness 
aZ set by (he means 1-1 is employed, and as shown 
in Fig. 5(B). triangular patches each having the three 
vertexee ell contained within the height range of ^ 
are searched to compute an outside contour 5-1 of the 
set of bnangular patches. 

Fig. 5(B) shows a virtual side view of these trian- 
gular patches, in which the three vertazes of each 
patch P| reside inside the width of the unit thickness 
aZ. and at least one of the three vertexes of each 
patch Po resides outskSe the wkSth of the unit thick- 
ness AZ, TTma, the contour 5-1 of the h<tfizontal plane 
is extracted and computed firom the outarmoat tine of 
the set of the patches Pi. 

The inskle area surrounded by the contour 5-1 in 
fh» horizontal plane extracted above is uniformly exp- 
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osed to light to be solldiTied. Fiq. 5(A} is a vktuaJ vtevr 
of horizont a i planes 5-1aand 5-1 bwdracCad from the 
triangular patch data shown In R9. 3. 

Then, the present system executes oompotatfon 
of a contour by using a oontouroomputing meana 1-11 
shown m Fig. 1(B} {see step 2-1 1 in Fig. 2(A)). 

Fig. 6 is a schematic ^lustration of contour oonv 
putng in wt^ch each non-hoilzontai triangular patch 
(patches S and T being examplarily showm in Fig. 6) 
intersects a horizontal plane Z sliced with the unit 
thteknesa and two infei3ectiQns between each 
patch and the plane Z are computed. 

As shown In Fig. 6, Thetwo intarsectians between 
the patch Sand the plane Zare denoted by CXl.Yl)S 
and (Xft * )S> while me two intoreections between 
the patch T and the plane Z are denoted by (Xl * )T 
and (Xr . Yr )T. As the patches S and T are acescent 
to each ottter, a common intersection resrdee on the 
ac^cent line. TTiat to. me imeisection pc^ , Yf^ )S Is 
coincident to the intersection (Xl , Yl)T. 

Then, on the basis of these intersection cowdi- 
nates oorr^tsd above, plural contours 7-1. 7-2. 7-3, 
etc in a certain section as shown in Fig. 7 are com- 
puted. 

As shown in Fig. 3. there is a case that the trian- 
gular patches in some section are not continuous to 
define a gap G. That Is, the extracted contours 7-1 and 
7-2 do not form a dosed curve. In this case, the near- 
est intersections are seardied. and tt^ are oonneo- 
ted together to obtain a closed curve. As shown in Fig. 
7, the contours tttus oonnputed are dassHied into a 
group for forming a desired modei shape Inside the 
contour (e.g.« 7-1} and a group for forming the de^rsd 
model shape outside the oontour (e.g., 7-2). Such 
classification is effected tff se»ching the contours 
atong a search Im 7-^ from the leftside, for example, 
and giving an inside ndicating flag for the oontour 7-1 
first intefseding the search line 7-4 and an outside 
indicating flag for the oontour 7-2 secondly intersect- 
ing the search line 7-4. 

Referfing back to Fig. 1(B), the present system 
includes a beam oonespondlng solidi^ng region 
d ata computing and storing means 1 -1 2 for computing 
and storing a secfk>nal shape of a region to t>e solidi- 
fied wtien the beam having the beam diameter set Eiy 
the means 1-2 is scanned at the speed computed by 
the means 1-9. That as shown in Fig. 8(C}, the 
means 1-12 computes arxl stores a sec:tional shape 
F2 of a region F1 to be soliafied when a light beam 
d-12 is scanned as shown by an arrow 8-10. Then, a 
three-dimenskanal dSfset quantity computing means 
1-13 shown in Fig. 1(B) computes a three-dimen- 
sional offset quantity for the horizontal line data ext- 
racted t>y the means 1-10 arKl the contour data 
computed by the means 1-11 by u^rtg so&dffying reg- 
ion data computed by the means 1-12. 

The computation of such a three-dimensional off- 
set quantity wflt now be described with reference xo 
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Figs. a(A) to 8(C) and Figs. 9(A) to 9(F), 

Referring to Fig. 8(A) which is a plan view of the 
liquid sinfece, 8-2 denotes an exposure region of the 
light beam. In the case that the oantsr 8-3 of the 

s exposure region d-2 Is scanned along a contour 8-1 
(computed by the rr>eans 1-1 1) as shown by an arrow 
8^. a contou' 8-5 of a region to t>e solidfied Is undo- 
ssably formed outside the contour 6-1 . 

Fig. 8(B) is a stereoscopic view of Fig. 8(A). As 

10 strawn in Fig. 8(B), in the case that the center of the 
light t»eam resides on the oontour of the model, reg- 
ions 8^, 8-5b. 8-5C, etc., are solidified, and the con- 
tour of an actual s^idlfled region to be formed by 
conrtinuously connecting outermost surfaces of the 

IS regions d-5a, S-Sb* 8h6c, etc., does not ooencide with 
the contour 8-1. 

To avoid the at>ove problem, the conventionsl 
photo-edfdiftetion nxsdeling device practically used 
at present is designed to scan the center of the light 

20 beau along a line offset in^de of the contour by a dis- 
tance equal to the radius of the bom as shown in a 
lelt lower area of Fig. 8(A). 

As shown tn the left lower area of Fig. 8(A), in the 
case that the center 8-6 of the light beam is offset 

25 tnskf e of the exposure region 8-2 by a radius d of the 
light beam, the contour of the solidified region 
t>eoome8 ooincident with the contour 8-1 as far as 
viewed in plan. 

However, it is urxlerstood from Fig. 8(B) that a 

30 problem remains from a stereoscopic standpoint As 
shown in Fig. 8(B}, 8-8 denotes a region to be solidi- 
fied by a light beam that has t>een offset inside by the 
radius d. Since the desred rrxxlel shape is gradually 
narrowed in the direction oT the lowermost surface, it 

35 is understood that an excess ragion 8-8 (the hatched 
portion) IS solidified. Accordingly, a oontour 8-9 of an 
actual model shape tsfonned outside the contour 8*1 
of the desired model stiape. 

Figs. 9(A) to 9(F) show a method of three-dimcn- 

40 sionalty offsetting the expoeurs ragion of the light 
tieam, so as to eliminate the above problem. 

Fig. g(A) shows a tfirae-dlmertsional coordinate 
systm wherein the origin coincides with one of the 
Intetsedions between the triangular patch and the 

46 horizontal plane Z shown in Fig. 6. In this preferred 
embodiment, the ori^n of the coordinate system 
shown In Fl^. 9{Ai oolnddas with the intersection (Xn , 
YR)Sor(XL.Y,)T. 

Referring to fig. 9(A), F2A to F2d denote a com- 

90 mon three^tmenslonal shape to t>e formed by rotat- 
ir^ the sectional shape F2 shown in Fig. 8(C} about 
the center of the bem, and f7 denotes a unit normal 
vector at the origin, i.e., the intersection (Xr. Yr )S or 
(Xl» Yl )T. The untt normal vector N is calculated as 

ss a vector sum of unit rKxmal vectors Rs and Nr ^vith 
respect to the adjacent pat^>es shown in Fig. 6. Direc- 
tion of each of the unK rKxmal vectors N3 and Hj is 
computed from the vertex coordinates of each patch. 
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and the sense of eacti vector is derfined with refiBrenoe 
to the inside and outstde indicatEng flaga prevkHisfy 
mentioned in relation to the search line 7-4 in Fig. 7. 
In this prefsnad emtXKlffnent, the sense of each vec- 
tor IS defined such that each vector is oriented from 
the Inside to the oui&ide of the desired model shape. 
The unit normal vector R thus computed has compo- 
nents nx, ny and nz. 

In Fig. 9(^, n^ denotes a vector having the com- 
ponents n^ and ny in the XY plans, and an R axis is 
gtven in the direction of the vector ifui . Rg. 9(B) shows 
an RZ plane given in Fig. 9(/^. 

As shown In Figs. 9(A) and 9(d). F2A denotes a 
sotfidtHed r^on to be obtained ^^<^n the t>eani centsr 
coincides with the intersection (i.e., the origin in this 
case), it Is apparent that a large proportion or the sol- 
idified region F2A is undesirably formed outside the 
contour 8-1. F2B denotas a soliditied region to be 
obtained when the beam center Is offset Inside tfie 
contour 8-1 along the R axis tyy the radhis d. It is 
understood that e hatched portion of tlie solidaied reg- 
ion F2B Is also undaslraldy formed outside the con* 
tour 8-1 . In contrast F2C denotes a sdidified region 
to be ot>tained when the beam center C1 is offset 
Inside the contour 8-1 so that a three^imeRaional 
contour 9-2C of the solidHied region F2C passes the 
intersection (the origin) and that a normal vector for 
the contour 9-2C coincides with the normal vector N 
for the contour 8-1 at the origin. In other words, the 
solidified region F2C is offset inside the oonfcour 8-1 
so that the contour 9-2C of the solidified region F2C 
intersects the contour 8-1 at the ongHi. 

In this case, assuming that the sclldtfled region 
F2C is a spheroid having a minor axis 'd' and a major 
axis *h.* the above relation can tse satisfied by offeet- 
ting the beam center by a distance R, alor>g the R axis 
and a distance Zi dong the Z axe. wherein R^ and Zi 
are defined as fciiows: 

2, = h2tV(h2ri^ ♦ d2nR2)^ 
where n^^ = (n^^ * n^^)* 

On the otiier hand, F2D denotes a solidified reg- 
ion to t>e obtained t»y moving the aolidtried region F2C 
in a direction perpendtadar to the normal vector N in 
the RZ Diane so that a Z coordinate of the t>eam center 
CO becomes zero. 

As apparent from Fig. 9(8), ttte portion of the sol- 
idified region F2D outside the contour 8-1 becomes 
sutistantialiy zero. 

The solidified region F2D can be obtained by off- 
setting the beam center by a distance Xo atong the X 
axis and a cfistenco Yo along the Y axis, wherein Xq 
and Yo are defined as follows: 

Xo = thiitfin^^ ♦ d^ny? + h^nj^^/Cnw^ t ny2) 
Yo = n/d^n^ +^d2ny? h^^h(n^ ♦ ny^) 

In this case, the contour of the three-dimensional 
solldiried region can be made sut»stantiaHy coincident 
with ttre contour of the desired model shape without 



changing the height of the beam center. 

By using either the former method or the latter 
method, the means 1-13 oomputes an offset quantity 
of the beam oentar. 

5 In the case of controlling the exposure region in 

every hortzontal secdon as in this preferred embodi- 
ment the lattsr method is suitably adopted. In the 
case of controlling the exposure region by immersing 
the tip of the optical fit>er into the liquid and moving the 

10 tip In ttie XYZ directions, the former method may be 
adopted to three^imenslonaily offeet the beam 
center. 

Fig. 9(C) shows a vertical section of a laminated 
solidfied region in the case of oflfisetting the t>eam 
IS center by the radlua d. In contrast Fig. 9(0) shows a 
vertical section of a taminatad solid ifiad region in the 
case of otfeetting the beam center t>y the distances Xo 
and Yo as mentioned above. As apparent from Figs. 
9(C) and 9(D). a contour 9-12 of the laminated sdidi- 
zo fled region according to the offeetting method of the 
present irfvention as shown in Fig. 9(D) is made sut>- 
stantiaDy coincident with a contour 9-1 of tire desired 
model shape having a downwardly tapering shape. 
The above-mentioned pn>l>lem occurs not only in 
25 the case of using a light beam tnjt also In the case of 
using a rnask fQm or a projector to expose the liquid 
surfooe to light unffonmly as shown in Fig. 9(E). 

Fig. 9(E) shows the case where a contour of each 
exposure region is made coincident with the down* 
30 wardly tapering contour 9-1 of the desired model 
shape. As apparent from Rg. 9(E), hatched portions 
9-6a„ 94b, 9^8c, 9^d, eto» of the exposure regions 
are excessively solidrfied outside of the contour 9-1 . 
In conf«)st Fig. 9(F) shows an improvement with 
36 respect to Fig. 9(E). whwein contours 9-lla, 9-11b, 
9-1 1c 9-1 Id, etc, of the solidified regions are offset 
Inside by the amount of Ro so as to contact the down- 
warcHy tapering contour 9-1. According to this 
method, the contour 9-12 of the solidified image can 
40 t>e rrtade substantially coincident with the contour 9-1 
of the desired model shape. 

Aflar the means 1-13 oouputes the optvnum off- 
set quantity 88 mentioned above, a contour corre- 
sponding exposure region data computing and storing 
45 means 1*14 computas and stores data relating to a 
scanning position of the beam center for offeotting the 
exposure region by the computed offset quantity and 
solid l^ng the exposure region corresponding to the 
horizontal tone extracted by the means 1-10 or the 
so contour computed by the means 1-11. 

In this preferred embodiment the present system 
further includes a means 1-3 for setting an exposure 
mode for an inside region 7-5 surrounded by the con- 
tours 7-1 and 7-2 or an inside region 7-6 sunounded 
55 by the contour 7-3 as shown in Fig. 7, for instance 
(see step 2-3 in Rg. 2(A)). 

This exposure mode is classified into a non- 
exposura mode, whole region exposure mode, and 
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spaced exposure mode. 

In the first case of setting the non-axpo3ure mode 
by using a means 1-3au a hollow modei solidified at 
the contour only is fotvicsted as shown in Rg. 10(F). 
In this mode, an outer eurfeoe 10-2a shown in Fig. 
10(F) corresponding to a contour 10-2 shown in Fig. 
1 0(A) is solidified, and an inner surface 10-3a shown 
in Fig. 10(F) corresponding to a contour 10^ shown 
in Rg. 1 0(A) is also solidified. However, an inside reg- 
ion t>etween the contours 10-2 and 10^ Is notsolkit- 
fied to defirte a hollow pcvtion 10-8, thus fabricating a 
hollow model. 

This mode Is effective In ttie case where the 
model shape oi^ is important and high strength is 
not required. As the exposure region is small, the 
modeling time can be shortened. 

in the second case of setting the whole rBg[ion 
exposure mode by usmg a means 1-3I>, the inside reg- 
ion between theoontours 10-2and 10-3 Is wholly sol- 
idrfiod to febricate a solid model as shown in Fig. 
10(B). This mode is suitable In the case where the 
model must have high Strang. 

In the third case of setting ttie spaced exposure 
mode by using a means 1*3c, the operator can select 
one of a normal cross nnode (Fig. 10(C))» alternate 
cross rrxxfe (Figs. 10(D)1 and 10(D)2). and s1r%}e 
mode (Fig. 10(E)). 

In the stripe mode shown in Rg. 10(C), ttie inside 
region is spacecfly exposed in one cfirection. in the 
normal cross mode shown in Fig. 10(C), the inside 
region is spacediy exposed in two different directions 
rn the same section. In the alternate cross RKKle, 
shown in Rga. 10(D)1 and 10(D)2, the inside region 
is spacediy exposed t>y alternating ttie scanning 
direction in thB strips mode in every section. 

The spaoed exposure mode can set k>y using a 
means ^-3c^ to select a desired pattern (Le^ normal 
cross, alternate cross, or stripe), having a sefected 
pitch and exposure ¥ridth. The exposure width can be 
set to t>e dtflisrent from the t>eam diameter set t^ the 
means 1*2. 

According to the spaoed exposure mode« a hon- 
eycomb strjcture is additionally fbrmsd in ttie hollow 
rTK>de1 to fabrlcatB a honeycomb modd. 

After setting tlie exposure mode for tiie inside 
region, an offset means 1-17 Is started. Ttie offiset 
means 1-17 oomputes an offiset quantify sh9i^ in 
Figs. 10(G) and 10(H). Referrtotg to Rg 10(G), 10-14 
denotes a light beam for exposing the contour. The 
light tseam 10-14 Is scanrted In the direction of arrow 
10-16 with the fcteam center t^ng offeet fai^de the 
contour to a position 10-15. On the other hand, 10-10 
denotes a l^ht t>eau for exposing the Inside na^on. In 
the case that the scanning of the ligfrt beam 10*10 Is 
stopped at a poeitioo wtiere a leading end 10-1 la of 
the light beam 10-10 contacts the drcumfiQrBnce of 
the light t>eam 1 0-14, a contour corresponding solidi- 
fied region 10-14a ta r>ot sufficiently oonnectad to an 



Inside region corresponding to solidified region 10- 
10a as shown in Fig. 10(HK1). with result that a suffi- 
cient supporting effect by the honeycomb structure 
canrrat l>e otTtained. 

5 In contrast wtien the scanning <tf the light t>eam 

1O-10 Is stopped at a position where the t>eam center 
10-13of the light beam 10-10 coincides with the beam 
center 10-15 of the light beam 10-14. an extra solidi- 
fied region 1 0-1 8 ts formed by the beam 1 0- 1 0 outside 

io the drc umfe rance of the cx>ntDur corresponding sol- 
idified region 10-14a as shown in Fig. 10(H)(3). with 
the result that the desnred model shape cannot be pre- 
cisely obtained. 

In consideration of these problems, the offset 

16 means 1-17 oomputea an optimum of^t quantity of 
ttie l^ht fe>eam 10-10 In such a manner that the scan- 
ning di the light beam 10-10 is stopped at a position 
where the leading end iO-i2a of the light beam 10-10 
contacts the beam center 10-15 of the Ifght beam 10- 

20 14,thatis,thebeamcenter10-12aftheltghtbeam10- 
1 0 Is offset inside the ciroumferenoe of the light beam 
10-14 by a radius of the light t>eam 10-10 (see Rg. 
10(H)(2)}. The exposure region in the inside region is 
computed and stored by an inside region correspond- 

2S Ing exposure region data computing and storing 
means 1-18 according to the information set by the 
means 1-3 and the offiset quantity computed by the 
means 1-17 (see step 2-18 in Fig. 2(A)). 

Such an overlapping rartge between the contour 

30 correspondir^ exposure region and the irtside region 
corresponding exposure region may be appropriately 
set by the operator wnthin the range between Figs. 
10(HK1) and Rg. 10(H)(3), 

Further, the operator can set leg data by using a 

35 means 1-4 included in the present system. Refening 
to Fig, 1 1 a pluratily of legs 1 1 are formed on the 
base 1-45 in the container 1-46. A desired model 
shape 11-1 is formed onthelegs11-9. Iftheaolidtfied 
image of the model is directly laminated on the t>asa 

40 1-45 without the legs 1 1 -9, the sotidlfled Intage will be 
tMOken or distorted wtien removed from the fcjase 1- 
45, The legs 11-9 prevent tftis problem. 

Aft ehown in Fig. 1 1 (A), the lege 11-9 are formed 
in spatial ranges 11 -4a and ii-4b corresponding a> 

49 lowermost sections 11-3a and 11-3b searched by 
using a means 1-19. The legs 1 1-9 are also forn^ in 
a frame setting space 1 1-2 to be hereinafter des- 
cribed. 

The leg data defines leg height, pitch, line width 

50 and pattern (str^a, normal cross, or alternate cross). 
These data are set by using means l-4a and l^b. 
The leg data further defines if an outtine is present or 
absent This data is set by using a means 1-4c. 

Leg hetghft is th height of each leg to be sol tdified 
55 prior to modelv^ofttiedestf^ model shape. The pat- 
tern, pitch and lln width are the same as those pre^ 
vtously mentioned. The outlin means an outtine to be 
fi9rmed along a boundary ^e log tbrmkig region. 
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In the case that ths prssenoe of the outline is set 
by the meana 1-4c, a peripheral leg 11-7 (aee Fig. 
1 1(D)) or a peripheral leg 11-8 (see Fig. 11(E)) i9 for- 
med along the kxxindary of the leg fbcming regnn 11- 
4a. 

In the case where the outlifto is not aat by the 
means ^~4c, no pertphefal leg is fomted aa Ghown In 
Figs. 11(B) and 11(C). 

Figs. 1 1(B) and 11(D) show the case where the 
stripe mode is selectad to farm stripe legs 1 1-5. Figs. 
11(C) and 11(E) show the case where the normal 
cross mode is eeiedsd to fortn normal croes legs 1 1- 
6. 

After the leg data is entered by the moans 1-4 
(see step 2-4 In Fig, 2(B)), a leg oorresponcfing axpoe^ 
ure region data oompudng and storing means 1-20 
computes and stores exposure region data for the for- 
mation of the tegs by raferring to the leg data as 
entered atwve. the Information of the (owennost sec- 
tton. and data relating to a frame setting space which 
wiQ be hereinafter descrft>ed (see step 2-20 in Fig. 
2(B)), 

The operator can set the frame setting space by 
using a means 1-6 in the present system. In this case, 
the operator can select whether a wtKrie space is to 
be set by using a means 1-6a or a spedTic space rs 
to be set by u^ng a means 1-Sb. 

in the case or setting the whole space, a 
maximum contour range computing means 1*21 is 
started to oorrtpute a rectangdar parallelepiped 12-2 
entrety ccvervig a destied model shape 12-1 as 
shown in Fig. 12(A). Then, a liame oorvespondtng 
exposure region data computing and storing means 1 - 
22 computes and stores exposure region data for 
forming a frame to be solidified at four side walls of the 
rectangular paraHelepiped 12-2. 

In the case of eeCttng the specific space, such a 
specHic space is specffiad by cooidfriate data , 
Yi ) and OCz * Yx) of a diagonal as shown in Fig. 12(A). 
and the nrkeans 1-22 computes and storas Gxpoatro 
regbn data for forming a f^ame to t>e solldned at four 
side wals of a rectangidar parallelepfped 12-3 having 
a rectangular bottom stoface defined by the attove 
diagonal. 

The frame functtons as a model shape supporting 
means in cooperation with a support to be fbrmed 
inside the frame as wQ be hereinafter descrft>ed. 

The support data is set by specr^ng a pitch, line 
width, and pattern (stripe, normal cross, or attemate 
cross) of a support to be fionrad In the frame space 
for every given he^ht by using a means 1-6a. Attar 
setting tfte support date, an exposure region data is 
computed to form the support in the frame space 
acoording to the support data sdt above. 

More specifically, pattern data is previously 
stored in a rsguJar regions (patterns) data computing 
and storing means 1-23. and one of the pattern data, 
that is. one of the etripe, normal cross, and altemate 



cross Is output from the means 1-23. Th n. a support 
correaponding exposure region data oomputing and 
storing means 1-26 computes and stores exposure 
region data for foimi ng the support by u^ng the above 
5 specified pattern date as well aa the pitch and line 
width data. 

Fig. 12(B) shows a complex of frames l2-4a. 12- 
4b, and 12-4c and supporis 12-4b1 and 12-401 for- 
med inside the frames 12-4b and 12-4c. respectively. 
10 in the frame space 12-3 as the racfangular paral- 
lelepiped shown In Fig. 12(^. The complex oonslsta 
of a first element formed by the frame 12-4a only in a 
height mnge 0-Hv a second lament formed by the 
frame 12^ and the stripe supports 1 2-4b1 in a height 
IS range Hi - Hz* a third element fanned by the frame 
12-^ and the normal cross supports 12-4c1 in a 
height range H2 - Hs. 

in setting ttte support data under the oofKjition 
where the whole ftame space Is set, the operator can 
20 select one of a lower whole region, outside whole reg- 
ion, and inside and outside whole region by using a 
region setting rrieans 1-6b. 

More specifically, when the lower whole region is 
set by a means l-^bl , the support ia fonmed in a lower 
26 region 1 2A of ttie frame spaoe 1 2-2 below the desired 
model shape as shown in Fig. 13(A) (vertical section). 
In this case, a lower surface 1 2-6 of the desired model 
shape is searched by a lowennost contour surface 
searching means 1-24. 
30 When the outside hole region is set by a means 

1-6b2, the support is formed in a whole region 12B of 
the frame space 12-2 outside the desired nrodel 
shape as shown in F^. 13(B). In this case, upper sur- 
faces 12-3 and lower surfaces 12-4 of the desired 
35 model shape are searched by an upper and lower 
contoiA' surfaces searching means 1-25. 

When the inside and outside whole region is set 
by a means 1-6b3. the support is formed in the whole 
of the frame space 12-2 as shown in Fig 13(C). 
40 Further, the present system also includes a 

means 1-1 5 for determining the oondnutty of a contour 
oorrespondDng solidifying region. 

As shown In Fig. 14(A). fo*" ir*star«e, the means 
1-15 d^ermlnes whether contour corresponding sd- 
46 icfifying legiorts 14-1 and 14-2 in vertically adjacent 
secOone Zo and are oorrtinuous with each other. In 
the case that the sections Zi and are largely dlff^ 
rent in sbEe as shown in Figs. 14(A} and 1 4(B). the sol- 
idifying region 14-1 becomes dlsoontlnuous firom the 
so solidifying region 14^. Aooordingly, in the case of 
fdming a hollow model, the sdidtfying region 14-1 
wotdd be In a floating state. To avoid this problem, the 
hollow model setting mode is forcibly converted into 
the solid model setting mode by a means 1-16 to exp- 
ss oae the wtwrie region instde of the section Zo in this 
case to ttie light beam. As a result venwhenthed s- 
irad rmdel shape has a genti slant surface, a hollow 
model having e continuous peripheral surface can be 
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fabricated. 

As described above, the exposure region data 
corresponding to the contour, inside region, leg. 
frame and support are computed and stored m the 
respective computing and storing means 1-14, 1-18, 
1 >20, 1 -22 and 1-26. Thereafter, the modelihg is ae±u~ 
ally started. First, the leg is formed by the exposure 
according to the exposuro regfon data oorre ap ondbg 
to the leg. After the heigiht of the leg reaches a fm- 
determined vahie, ttie frame, support and Inside reg- 
ion in the lowvenmost section are formed by exposure 
according to the exposure region data correspondirtg 
to the frame, support and inside regton. FIndty. the 
contour is foimed by exposure according to the 
exposure region data corresponding to the contotA-. 

By finally forming ttie oonfiour as mentioned 
above, a local change in liquid level due to the fact that 
the liquid is surrounded by a sdidifiad image Gan h» 
suppressed to minfmtza dlstorHon of the model shape 
during modeling. In the actual control of the exposure, 
the fitter 1-39 is controlled by an axposure intensity 
control means 1-33, andtheXYdrMng mechanism 1- 
41 formoving the tip 1"40aof the optteal fiber 1-40 in 
the XY dlrectiona is oorfferoBed by a horizontal axpos- 
ure posftion contred means 1^. Further, a scanning 
speed is oontrolied by a scanning speed control 
means 1-35. 7^ fiter 1-39 and the scanning speed 
are controlled in co^dination each other. 

Further^ the lowering of thte base 1-45 tjy ttie unit 
thickness aZ after the exposuro fior one aection is cet- 
ried out by height control means 1-37. 

Alter lowering the t>ase 1-45 by the unit thickness 
AZ,the ftmjsh 1-42 ismoved ma direction (Ydirectron) 
perpendicular to a fongftudtnal direction pc direction } 
of the t>r\ish 1-42 by a tmjsh sweeping oontiol means 
1-36, 

Referring to Fig. 15(A), the tmish may t>e com- 
prised of a first t>rush 15A and a second txush 15B 
arranged In parerilel to eeich other at a given interval 
and suiaptsa to k>e moved together The first Iwush 
ISA Is provided with a plurality of tmsh elements 
15Ai . ISAz, 15As. etc., spaced at regular irrtenrals in 
the longi^inai direction of the iM brush 1SA. Simi- 
larly, the second brush 1 5B Is provided wHh a pluraltty 
of brush elements 15B, . ISBa. 15B3, etc, spaced at 
regular tntervala in ttie longttudinal direction of the 
second txush 15d in such a manner that the brush 
element 15Bi is loGBted at a posftion opposed to a 
space between bnjsh elements ISA^ and ISA^of the 
first brush ISA. and the other brush elemertts of the 
second brush 15B ars also located m the same man- 
ner as above. With use of such a brush, the liquid can 
be coated with a uniform thickness even on a large 
soltdifted layer of the model shape as in the case of 
fabricating a solid model. 

Astoth arrangement ofthebnjsh elements, the 
bestresultofcoatingortheIk]ukSwasot>tain dbyset- 
ti ng a width L2 of each brush el ement to 2 mm and set- 



ting a spacing L1 between the adjacent brush ele- 
nr>ertts to 1 mm. As shown in F^. 15(B)» the liquid is 
carried as the form <tf a wave 15D onto a solidified 
image 15E by the brush. Accordingly, if the spacing 

5 LI fS too wide, good wave formation cannot be 
obtained. Conversely, if the spacing LI is too narrow, 
tfte volume of the wave 150 t>eoomes large, and 
Qooordlngly a coating layer 1 5C of the liquki cannot be 
desirably formed. Further, B'the length of each brush 

10 element is too smalt, the wave 15D cannot be sufTt- 
ciently formed, and an amount of the liquid to be 
retained among fibers of the txush element is not suf- 
ficient resutting in defective coaling. On the other 
hartd, if the length of each brush element is too large. 

16 the size of the wave 150 becomes large rastriting in 
defacttve ooadng. 

Further the rrtaterial, thickness, and sweeping 
speed of the t>ru8h elmient are also important if the 
brush dement Is too hard, the solMifled image Is bro- 

2o ken by the brush elemeirt if the txush element is too 
soft, or the sweeping speed is too slow, the wave 
effisci cannot be obttalned. These factors should be 
suitably selected In oonsideratbn of the properties of 
ttie liquid and the solidified image. In any case, it is 

25 berteficia] if the brush elements bo spaced at regular 
intervals in the tongitudinal direction of the thrush so 
as to obtain a good coating. 

Further, since the first brush ISA and the second 
brush 15B are arrar^ed in parallel as shown in Fig. 

90 15(^4, the thickness of the coating layer 15C can be 
made uniform even in the case of sweeping a wide 
surface of the solidified Image 15E, 

According to the above prefen'ed embodiment 
ttie contour correspr^ncfing exposure regk>n data is 

SS deckled in oonskteration of a thre^imensional offset 
quantity with respect to a contour of a desired model 
shape. The threes Imanstonal olfiset quantity is a 
quarHlty for off T sentng a contour of a solldmad regkKi 
to make the same contact the contour of the desired 

40 model shape. Ttierefore, the contour of the sdidlfiad 
regkin can be made precisely coincident wtth the con- 
tour of the dosked model shape by the exposure 
according to the data decided in consideration of the 
of^t quantity. Thus, the accuracy of ttie desired 

45 model shape can be greatly Improved. 

Furthermore, aocording to tiie preferred embody 
ment it Is possible to select a solid, holtow or hon- 
eycomb model according to the intended use of the 
model Accordingly, the intended use itself can be 

so widened (for instance, tt^ hoOow rrxxlel can be 
applied to a casting die), and modeling time can be 
shortwied according to the intended use of the model 
ID KMden the imended use of the system. 

FurtherriKsre. as the supporting structure (support 

SS and frame) is formed En the modeling of the desired 
model sttape, tfie accuracy of the desired model 
shape can be highly retained. In oonnectfon with this, 
the diameter of the beam for forming this supporting 
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structure can be set independently of that for focming 
the desred model shape. Accordingly, the ai^porting 
3tnicture can be easSy removed after the modeling Is 
terminated. 

Further, as the kind and exposure region of the 
supporting structure can be speciiedi the supporting 
stnjcture can be formed at a neoessary part only to 
reduce the modeling timB. 

Further, as the frame can be sat in relation to the 
support, the kind, pitch, etc. of the support can be 
modified in every height of the frame to reduce the 
modeling time. 

In addition, the lk)uld Is coated on the solkSned 
knagci by Using the brush hsvsng a p!umtlty of brysh 
elements spaced at regular intervals Therefore, the 
liquid can be ooated with a unltorm thicfcnees in a short 
time to improve modeling accuracy and reduce mod- 
eling time. 

In conduston, the system of the prefened embo- 
diment Includes various tmprovements in combi- 
nation, and is superior to the oonventional system, 

WhHe the inventfon has been described with 
reference to a specific embodiment the description is 
illustrative and is not to be construed as limiting tt)e 
scope of the Invention. Various modifications and 
changes may occur to those stalled in the art without 
deporting from the aoope of the Invention aa defined 
by the appended dairris. 



Claims 

1 . A photo-aolidfffcation modeling devioe for teming 
a <^idified thrse-dtfnensional object having a 
shape oorrespondlng to a desired three-dimerf- 
sbnalmodel shape including an inwardly-sloping 
outer irtodel contour by exposing to llghc selected 
regions of a Ik^uid capable of beMg solUlfied by 
exposure to the tight to fom the desired three- 
dimensional object, the device comprising: 

means for representing the desired three- 
dimensional model shape by a plurality of sets of 
coordinates each defining a point on a contour In 
a section of the de^red three-dimensional model 
shape; and 

means for computing a corresponding 
pturslity of sets of offset exposure coordinates 
defirqng regions of the Rquld to be exposed to 6ght 
to form the three^irrtensional object with an in- 
wartfy^oplng outer contour corresponding to 
the inwardly-sloping outer model contour of the 
three-dinnensional rrxxiel. 

2. A photo->8oiidification modeling device accordlr>g 
to claim 1, further comprising: 

a ligtit source for exposing the liquid to sol- 
idify the e(xposed regions of the liquid: and 

means for controlling said light source in 



sooordanoe with said offset exposure coordi- 



3. A photo^tdification modeling device according 
5 to dakn 2, wherein sakl light source is adapted to 

generate a light t>eam having a beam center, and 
wherain each of said sets of light beam cffeet 
exposure ooordbiates defines the offset of said 
beam center in two dimensions from coirespond- 
10 ing coord States defining the desired three^Imen- 

sbnal model shape. 

4. A photo-eoiidmcation modeling device aocordlng 
to daim 3, wherein the shape of a region to be sol- 

is Edified correspondmg to each of aatd light beam 
offset coonfirtates is a spheroid having a minor 
axis *d* and a majpt axis *h,* and each of saM off- 
set expoeure coordinates oonresporxfs to offset- 
ting the beam center by a distance Ri along an R 
zo axisand a distance Zi atong a Z axis, wherain Ri 

end Zt are defined as follows: 

R, = d*n;^/(h*nj2 + <jzn^ )i 
Z, = h2n:/(h2n,2 + <|2n^2)s 
where nR = (n^* + and n,. n, . and n^ are com- 
as ponents of a unit normal vector extending from 
the tnskJe to the outside of the desired three- 
dimenefonal mode) shape. 

5. A photo-solUirication modeling device according 
30 to daim 3. wfiersin the shape of a region to be sol- 
idified correspondirig to each of said light beam 
offiaet coordinates is a spheroid havkig a minor 
axia V and a major axis "h.* and each of said off- 
set exposure coordinates corresponds to otfset- 

35 ting the t>eam center by a d istarwe Xo ato ng an X 

axis and a cfistance Yo atong a Y axis, wherein Xo 
and Yo are defined as follows: 

X» - nx(d2n/ + <Pji/ ♦ h^^^K^^ ♦ n/) 
Ya - ny(d2n^2 + ^2 + f^z^ f^^^ + n^2) 

40 and rtx, n^, and nz are oompcments of a unit normal 

vector extending from the Inside to the outsUe of 
the desired three^imensional model shape. 

6. A photo^dMMcatfon modeling device according 
45 to any preceding daim. wherein said computing 

means computes said light beam of^ expoeure 
coordlnsAes to define the regtons of tfie liquid to 
t>e solidffied without changing the height of the 
beam center. 



so 



7. A photD^idification modeling device according 
to any preoeding daim, further induding; 

a container for storing the liquid; 

a light source for generating light for sdidW 
fying said liquid; and 

a light transrrtitting means for guiding said 
light generated by said light source to raglons of 
the liquid. 
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8. A photo-solidification modetingdeviod to 

ine liquid so aa to create a sdidifiod tnaga havmg 
a de^red three-dimensional stiape, oomphsing: 

a container for storing the liquid; 

a light aoufce for generating light for aolidi- 
fytng ttio liquid; 

light trannnitting means for guiding said 
light generated by said l^ht source to regbns of 
the liquid; 

a Gonfroller for defining a re^on where 
said light is to be transmftted; 

means for computmg a eolidiflod shape of 
the Jfa^ufd at a boundary botwieen the l^ht trans- 
mitted region and non-transmHtad region; and 

second oomputing means for calculating 
an of&et quwtlty for the outermost light transmit- 
ted region so as to malce a thre^snensiOTal sol- 
idified shape at said boundary contact with the 
desired threeKlimensfonal shape. 

d. A photo-solidification modeling device oomprfs- 

Ing: 

a container for storing a liquid capable of 
being solidified upon exposure to light: 

a light source for generBtffig light for solidi- 
fying the liquid: 

light transmitting means for guiding said 
light generated by said light source to regions of 
the liquid; 

a controller for defining an outermost reg- 
ion of said light transmitted by said light transmit- 
ting means; 

means for calculating a shape to be solidi- 
fied in the t^id at a bourxlary of said outermost 
region; 

computing means for calculating an offset 
quantity 8o as to make a ttveoNdimensional solidi- 
fied shape at said outermost region contact with 
a desired model shape. 

10. A photo-aolfdfficEidon modeling device according 
to any of dabns 2 to 9. wherein saU light source 
comprises a laser. 

11« A phobcHsolidification modeling device according 
to any of daims 2to 10. wherein said lightsource 
comprises an optical fiber devke. 

12. A photo^«oltdtfication modeling device according 
to any preceding dcUm, wherein the liquid Is a 
photo-polymer. 

13, A photo-solidification modeling method fbrsolidi- 
fying liquid so as to cnaate a solidified smage hav^ 
ing a desired three-dimensional shape, 
comprising the steps of: 

generating light for solidifying th liquid; 
guiding the light to regions of the liquid: 



defining a region of the liquid to which the 
light is to be transrrBtted; 

computing a solidified shape of the liquid 
at a tsoundary t>etween a light transmitted region 
5 and a non-transmftted region; 

caloiating an off^t quantity for the outer- 
most light transmitiBd region; and 

exposing the liquid to the light in aooord- 
arice with the offset quantity to make a three- 
10 dimensional solidiied shape at the boimdary 

contact with the desired three-dimensional 
shape, 

14w A high-precision photo-^lidification modefing 
15 method for forming a solidified three-dmiensional 

object havtr^ a sfiape corresponding to a des^ 
three-dimen^nal model shape including an in- 
wardly-eloping outer model contour by exposing 
to light selectBd radons of a liquid capable of 
20 being soidified by exposure to the light to fomi the 

desM three-dlmensionaf object comprising the 
steps of: 

representing ttie ciesired three-dimen- 
sional model shape by a plurality of sets of light 

25 t)eam coortHnatss; and 

confuting a connesponding plurality of 
seta of light beam offeet exposure coordinates 
delmffig regions of the liquid to be exposed to light 
to form the thre»^imensional object with an in- 

30 wardly-slopffig outer contour corresponding to 
the inwardly-sloping outer model contour of the 
three-dimensional model. 
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